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© Semiconductor laser driving circuit 

© The invention provides an improvement of the 
conventional laser driving circuit mainly including a 
control logic circuit, a reproducing power producing 
circuit, and a recording power producing circuit for 
preventing a recording film of a disk from being 
damaged by a laser in a reproiucing mode. The 
improved respect is addition of a voltage monitoring 
circuit and a bypass transistor for an abnormal sig- 
nal. The voltage monitoring circuit monitors a voltage 
drop caused in the control logic circuit and supplies 
a voltage abnormality indicating signal, thereby 
causing the bypass transistor to be conductive for 
allowing the abnormal signal to be flown thereth- 
rough. 
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1 EP 0 405 952 A2 2 

SEMICONDUCTOR LASER DRIVING CIRCUIT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconduc- 
tor laser driving circuit which is used in an optical 
disk recording and reproducing system wherein 
information is recorded on and reproduced from an 
optical disk. 



2. Description of the Related Art 

In the conventional optical disk system for re- 
cording or reproducing information with a laser 
beam, in a recording mode, it serves to follow the 
steps of intensifying or mitigating a laser output 
pulsewise in accordance with information to be 
recorded, changing the power of a laser beam spot 
restricted on a disk by an optical system accord- 
ingly, and changing an optical or magnetic state of 
a beam-irradiated spot of a recording film formed 
on the disk for recording the information. In a 
reproducing mode, it serves to follow the steps of 
irradiating the disk with a laser beam having such 
an intensity as not transforming the recording film 
and detecting the reflected beam for reproducing 
the information recorded thereon. 

It will be understood from this function that it is 
necessary to keep a laser output at a predeter- 
mined value in both the recording and the re- 
producing modes. Because the semiconductor la- 
ser is subject to the change* of an ambient tem- 
perature of the used semiconductors, the laser 
output is required to be controlled so that it can 
avoid any influence affected by the temperature 
change or the other factors. 

Fig.1 is a circuit diagram showing a conven- 
tional laser driving circuit, which mainly includes a 
control logic circuit 11, a reproduction power pro- 
ducing circuit 12, and a recording power producing 
circuit 13. Further, it is seen from this figure that a 
laser 3 and a photodetector 4 are also added to the 
circuit. The photodetector 4 may employ a 
photodiode. As shown, the control logic circuit 1 1 is 
connected to a +5V power source and the re- 
production power producing circuit 12 and the re- 
cording power producing circuit 13 are connected 
to a +12V power source. 

The reproduction power producing circuit 12 
includes a transistor 2 for driving the laser 3 in a 
reproducing mode, a current-to-voltage converting 
circuit 5 for converting the current generated in the 
photodetector 4 into a voltage, an operational am- 



plifier 6 for amplifying the converted voltage, and a 
switching circuit 1 for switching on and off a con- 
tact between the operational amplifier 6 and the 
transistor 2. 

s The recording power producing circuit 13 con- 

sists of a transistor 9 for driving the laser 3 in a 
recording mode, a recording power setting circuit 8 
connected to the base of transistor 9. and a switch-^ 
ing circuit 10 for switching on and off a contact' 

70 between the transistor 9 and the laser 3. 

In operation, in the reproducing mode, the con- 
trol logic circuit 1 1 supplies the reproduction signal 
a to the switching circuit 1, thereby switching on 
the switching circuit 1 and activating the laser 3. 

75 Then, the laser 3 radiates a beam c to the 
photodetector 4, which generates a current d. 
Then, the current d is supplied to the current-to- 
voltage converting circuit 5 in which the current d 
is converted into a voltage e and is amplified by 

20 the operational amplifier 6. The amplified voltage is 
supplied to the transistor 2 through the switching 
circuit 1. The transistor 2 serves to adjustably 
produce the reproduction driving current Ir. In sum- 
mary, this operation can be summarized as detect- 

25 ing the laser beam and applying negative feedback 
to the detected signal for keeping a driving current 
constant. 

In the recording mode, on the other hand, the 
recording power setting circuit 8 supplies a pre- 

30 determined signal to the transistor 9 in which the 
recording driving current is adjustably produced, 
while the control logic circuit 11 supplies the re- 
cording signal b to the switching circuit 10. The 
switching circuit 10 Is switched on and off in accor- 

35 dance with the magnitude of the signal b. The on- 
and-off switching results in modulating a recording 
driving current lw and superposing the recording 
signal on the driving current l w . At this time, for 
interrupting the control operation, the reproduction 

40 driving current l R is kept at the value given imme- 
diately before executing the operation in the re- 
cording mode by a sample holding circuit (not 
shown). 

As mentioned above, the foregoing semicon- 
45 ductor laser driving circuit has two or more power 
voltages. That is, the control logic circuit 11 is 
connected to the +5 power source and the re- 
production power producing circuit 12 and the re- 
cording power producing circuit 13 are connected 
so to the +12 power source. In this case, the switch- 
ing of the power sources may result in bringing 
about a time lag between the leading and the 
trailing edges of the former power source and 
those of the latter one. 

RgJ2 is a graph showing the state of a voltage 
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caused when the time lag appears, in particular, 
when the power sources are interrupted in driving 
the laser. In the reproduction mode, assuming that 
the power sources are interrupted at a time to, as 
shown in the curves A and B of the graph, the +5v 
power source connected to the control logic circuit 
11 supplies the lowest possible operating voltage 
for activating the logic circuit 11 at a time ti and 
the + 12v power source connected to the reproduc- 
tion power producing circuits 12 and 13 also sup- 
plies the lowest possible operating voltage for ac- 
tivating the circuits 12 and 13 at a time tj. At an 
interval At At between the times ti and t2, the 
control logic circuit 11 cannot keep its logic level 
stable, thereby switching on the switching circuit 10 
as shown in the curve C and supplying the record- 
ing driving current l w as shown in the curve D to 
the laser 3. It results in bringing about a drawback 
that the laser output reaches such a power that it 
can transform the recording film formed on the disk 
and thus gives damage to the information recorded 
on the disk. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide an improved semiconductor laser driving 
circuit which is capable of inhibiting abnormal rise 
of a laser power often caused when the power 
sources are interrupted in driving the laser and 
preventing the information recorded on the record- 
ing film of the disk from being damaged. 

To overcome the drawback, in addition to the 
foregoing prior art, the invention further provides a 
means for monitoring the power sources of the 
semiconductor laser driving circuit, in particular, the 
power source of the control logic circuit and a 
means for reducing driving current supplied to the 
semiconductor laser immediately before or when 
the source voltage reaches the lowest possible 
operating value. 

Further objects and advantages of the present 
invention will be apparent from the following de- 
scription of the preferred embodiments of the in- 
vention as illustrated in the accompanying draw- 
ings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg.1 is a circuit diagram showing a conventional 
semiconductor laser driving circuit; 
F\gJ2 is a graph showing the operation of the 
conventional semiconductor laser driving circuit; 
Fig. 3 is a circuit diagram showing an improved 
semiconductor laser driving circuit according a 
first embodiment of the invention; 



Rg.4 is a graph showing the operation of the 
improved semiconductor laser driving circuitand 
Fig. 5 is a circuit diagram showing an improved 
laser driving circuit according to a second em- 
5 bodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

70 Fig.3 is a circuit diagram showing a first em- 

bodiment of the present invention. The embodi- 
ment is an improved semiconductor laser driving 
circuit designed on the foregoing prior art. The 
same components of this embodiment as the prior 

75 art are referenced by the same reference notes. 
The improved, that is, different respect of this 
embodiment from the conventional circuit is that a 
voltage monitoring circuit 23 is provided in a part of 
the power source circuit of the control logic circuit 

20 11 and a bypass transistor 21 is connected in 
parallel to the laser 3. The voltage monitoring cir- 
cuit 23 comprises a Zener diode ZD, a comparator 
22 and resistors Ri, R2, R3 connected to these 
former two components. The cathode of the Zener 

25 diode ZD is connected to the power source of the 
control logic circuit 11 and a non-inverting input 
terminal of the comparator 22 through the resistor 
R3. The resistors R3 and R2 connected in series 
serve as a voltage divider of the source voltage V 0 

30 so that they reduce the voltage V D to a two-thirds 
value. Hence, the reduced voltage is applied to the 
non-inverting input terminal of the comparator 22. 
The other end of the resistor R 2 is connected to 
the ground. The anode of the Zener diode ZD is 

35 connected to both the inverting input terminal of 
the comparator 22 and the ground through the 
resistor R1 . It results in making the voltage applied 
to the inverting input terminal smaller than the 
source voltage V D by the Zener voltage of 1.5 V. 

40 Rg.4 is a graph showing the relation among a 

drop of the source voltage V D , a drop of the voltage 
applied at the inverting input terminal of the com- 
parator, a drop of the voltage applied at the non- 
inverting input terminal thereof, a voltage abnormal- 

45 ity indicating signal f, and an operating state of the 
transistor 21 when the power source is interrupted. 
Assuming that the power source is interrupted at a 
time to, the voltages at the time point are such that 
the power source voltage V D is equal to 5V, the 

so inverting input terminal voltage is equal to V D - 
1.5V = 3.5V, and the non-inverting input terminal 
voltage is equal to V D x 2/3 « 3.3V. After the time 
to, these voltages gradually drop. When the source 
voltage V D reaches 4.5V at a time ti , the inverting 

55 input terminal voltage and the non-inverting input 
terminal voltage equally reach 3V. After the time ti , 
the relation between both voltages is reversed to 
be such that the non-inverting input terminal volt- 
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age is greater than the inverting input terminal 
voltage. This state change of the comparator 22 
after the time ti brings the output of the compara- 
tor, that is, the voltage abnormality indicating signal 
f into a high-level one. This high-level signal results 
in causing the conduction of the transistor 21 and 
short-circuiting the laser 3. Hence, assuming that 
the lowest possible operating voltage of the control 
logic circuit 11 is 4.4V, for example, when the 
source voltage V D reaches 4.5V or less, the con- 
ventional circuit without this invention is incapable 
of keeping the logic level stable, thereby switching 
on the switching circuit 10 and allowing the record- 
ing driving current l w to be supplied to the laser 3. 
With the improved circuit of this invention, on the 
other hand, when the source voltage of the control 
logic circuit 11 reaches 4.5V or less, the voltage 
monitoring circuit 23 serves to monitor a voltage 
drop and generate the voltage abnormality indicat- 
ing signal f , thereby causing the transistor 21 to be 
conductive. The transistor 21 is served as a bypass 
for the recording driving current l w - Since the cur- 
rent l w bypasses the laser 3, the laser is unable to 
emit a laser beam having such high luminous in- 
tensity as being set in the recording mode. It 
results in preventing the recording film from being 
damaged by the laser 3. 

Rg.5 is a circuit diagram showing the second 
embodiment of the present invention, in which the 
same components of this embodiment as the first 
one are referenced by the same reference notes. 
From this figure, it will be understood that a con- 
necting portion of a bypass transistor 21 is different 
from that of the first embodiment. That is, the 
collector of the bypass transistor 21 is connected 
to the emitter of the transistor 9 included in the 
recording power producing circuit 13. From this 
connection, when the source voltage V D of the 
control logic circuit 11 reaches a given voltage or 
less, therefore, the voltage monitoring circuit 23 
serves to supply a high-level signal, thereby caus- 
ing the transistor 21 to be conductive. Since the 
transistor 21 serves as a bypass of the recording 
power producing circuit 13. no excess current is 
allowed to flow through the laser 3. 

Many widely different embodiments of the 
present invention may be constructed without de- 
parting from the spirit and scope of the present 
invention. It should be understood that the present 
invention is not limited to the specific embodiments 
described in the specification, except as defined in 
the appended claims. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 
included within the scope of the following claims. 



Claims 

1 . A semiconductor laser driving circuit comprising: 
a reproduction power producing circuit for produc- 

5 ing a current to be supplied to a semiconductor 
laser for reproducing data recorded in an optical 
disk by applying a laser beam emitted from said 
laser to said disk; 

a recording power producing circuit for producing a 
ro current to be supplied to said laser for recording 

data in said disk by applying a laser beam emitted 

from said laser to said disk; 

a control logic circuit for controlling supply of said 

currents to said laser; 
75 monitor means for monitoring a change of voltage 

of a power source connected to said control logic 

circuit; and 

means for reducing a current being supplied to 
said laser to within a predetermined value when the 
20 change monitored by said monitor means exceeds 
a predetermined limit. 

2. A driving circuit according to claim 1, further 
comprising a photodetector for detecting a lumi- 
nous intensity of a laser beam emitted from said 

25 laser. 

3. A driving circuit according to claim 2, wherein 
said reproduction power producing circuit includes 
a transistor connected to a power source through a 
resistor at an emitter thereof and to said laser at a 

30 collector thereof, a current-to-voltage converting 
circuit for converting a current generated by said 
photodetector into a voltage, an operational am- 
plifier for amplifying said voltage, and a switching 
circuit connected to an output terminal of said 

35 amplifier and to a base of said transistor through a 
resistor, an output signal of said amplifier being 
supplied to said base when said switching circuit is 
closed, closing of said switching circuit being con- 
trolled by said control logic circuit. 

40 4. A driving circuit according to claim 1. wherein 
said recording power producing circuit includes a 
recording power setting circuit, a transistor con- 
nected to a power source at an emitter thereof 
through a resistor and to said recording power 

45 setting circuit at a base thereof, and a switching 
circuit connected to a collector of said transistor 
and to said laser, said collector being connected to 
said laser when said switching circuit is closed 
closing of said switching circuit being controlled by 

so said control logic circuit. 

5. A driving circuit according to claim 1, wherein 
said monitor means includes a Zener diode, a 
comparator, and a first to third resistors, said Zener 
diode being connected at a cathode thereof to both 

55 said power source connected to said control logic 
circuit and a non inverting input terminal of said 
comparator through the first resistor and at an 
anode thereof to an inverting input terminal of said 
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comparator and the ground through the second 
resistor, said non-inverting input terminal being 
grounded through the third resistor. 

6. A driving circuit according to claim 1, wherein 
said reducing means comprises a bypass transistor s 
whose base is connected to an output terminal of 
said comparator through a resistor. 

7. A driving circuit according to claim 6, wherein a 
collector of said bypass transistor is connected to 

an input terminal of said laser. to 

8. A driving circuit according to claim 6, wherein a 
collector of said bypass transistor is connected to 
the emitter of said transistor included in said re- 
cording power producing circuit. 

9. A semiconductor laser driving circuit comprising is 
a recording power producing circuit (13) for pro- 
ducing current to be supplied to a semiconductor 
laser (3) for recording data on an optical recording 
medium by applying a laser beam emitted from 

said laser to said medium; a control logic circuit 20 
(11) for controlling the supply of said current to 
said laser (3) in accordance with the data to be 
recorded; and means (21, 23) responsive to a sup- 
ply voltage to the control logic circuit (11) falling to 
a predetermined level corresponding to the lowest 25 
level at which said control logic circuit is operable, 
to reduce the current supplied to the laser so as to 
inhibit damage to recorded data on the medium 
upon switching of the driving circuit 

10. A laser driving circuit in which current supply 30 
for the laser is forcibly reduced when the supply 
voltage to a logic control circuit which operates a 
laser current switch falls to a level below which the 
logic control circuit is inoperable and the switch 
might therefore otherwise pass laser current which 35 
could damage recorded data. 
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© The invention provides an improvement of the 
conventional laser driving circuit mainly including a 
control logic circuit (11), a reproducing power pro- 
ducing circuit (13), and a recording power producing 
circuit (12) for preventing a recording film of a disk 
from being damaged by a laser in a reproducing 
mode. The improved respect is addition of a voltage 
monitoring circuit (23) and a bypass transistor (21) 
for an abnormal signal. The voltage monitoring cir- 
cuit monitors (23) a voltage drop caused in the 
control logic circuit and supplies a voltage abnormal- 
ity indicating signal, thereby causing the bypass 
transistor (21) to be conductive for allowing the ab- 
normal signal to be flown therethrough. 
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